Objectives of this study were to evaluate maternal and fetal influences on development of gravid uterjne tissues of cows. Brahman cows with Brahman or Charolais fetuses and Charolais cows with Brahman or Charolais fetuses were used. Cows were killed 232 f .5 or 271 f .7 d after mating. The gravid uterus of each cow was weighed and dissected into its component parts. Weights of the fetus, fetal membranes, cotyledons, caruncles, and uterus were recorded as were weights of the fetal liver, heart, kidneys, spleen, lungs, stomach complex, intestines, and semitendinosus muscle. Ribonucleic acid, DNA, and protein concentrations in caruncles, cotyledons, liver, heart, kidney, and semitendinosus muscle were determined, Data were analyzed by analysis of variance; breed of cow (C), breed of fetus 0, day of gestation @), and all interactions were included in the model as fixed effects. Fetal weights were influenced (P < .003) by C, F, D, and C x D and tended (P = .07) to be influenced by C x F x D. Weight, RNA, DNA, and protein contents of selected fetal tissues followed similar patterns of significance. Thus, both maternal and fetal genotype influenced fetal growth. Greater influences of the maternal system and interrelationships between maternal and fetal systems were observed at the latter stage of gestation. Placentomal (caruncle + cotyledon) weights were greater for Charolais than for Brahman cows (P c .02) or fetuses (P < .001) and were greater (P c .01) at 271 than at 232 d. Caruncdar weights followed similar patterns; however, fetal genotype was the only significant s m e of variation in cotyledonary weight, RNA, DNA, or protein content.
1p46

PERRELL
The objective of the present study was to quantify contributions of maternal and fetal genotypes to differences in growth of gravid uterine tissues of the cow during late gestation. Additional objectives, addressed in a companion article (Ferrell, 1991) , were to evaluate the contributions of maternal and fetal genorypes to differences in perfusion and function of the uteroplacenta.
Materfals and Methods
Cows of the Charolais breed (670 kg; 4 to 6 yr of age) were obtained from the Roman L. Hruska U.S. Meat Animal Research Center (MARC) herds. This breed of cow was chosen for use because of the relatively heavy weight of calves at birth (Gregory et al., 1988) . Cows of the Brahman breed (515 kg; 3 to 8 yr of age) were purchased from commercial sources. This breed was chosen because of the typically low birth weight of calves born to cows of this breed (Sacco et al., 1989). Cows were observed for signs of behavioral estrus twice daily until initiation of the experiment. During the preliminary period and throughout the study, cows were fed a corn silage-based diet in amounts calculated to meet or exceed recommended nutrient allowances (NRC,
1984).
Estrus was synchronized by use of a norgestomet (6 mg) implant3 that was placed subcutaneously and removed 8 d later. An injection (25 mg) of dinoprost tromethamine4 was given 1 d before removal of the implant.
Six cows of each breed were selected for use as embryo donors. Those cows were subsequently given 34 (Charolais) After each cow was killed, the gravid uterus was removed and weighed. The fetus was removed and fetal weight and sex were recorded. Weights of the fetal liver, heart, kidneys, lungs, spleen, digestive tract, and a semitendinosus muscle were recorded. Cotyledons were manually separated from caruncles, and weights of fetal membranes with cotyledons (chorioallantois) and uterus with caruncles were recorded. Cotyledons and caruncles were dissected from fetal membranes and the uterus, respectively, and weights of each of the resulting four tissues were determined. Numbers of caruncles were determined.
Samples of fetal liver, heart, kidney, semitendinosus muscle, caruncle, and cotyledon were frozen (-2'0 and subsequently analyzed for protein (Lowry et al., 1951) , total RNA (Munro and Fleck, 1969) , and DNA (Labarca and Paigen, 1980 Weights of caruncular tissue as well as fetal membranes followed similar patterns. Weight of cotyledonary tissue differed only due to fetal breed (P <: .001), however, and averaged 2,291 g for Charolais vs 1,080 g for Brahman fetuses. Uterine weights were 5.5 vs 6.8 kg in Brahman cows with Brahman vs Charolais fetuses and 6.8 vs 9.9 kg in Charolais cows with Brahman vs Charolais fetuses. A large amount of variation in the number of placentomes was observed, but no differences attributable to breed of cow or fetus were seen. A reduction (P = .05) in the number of placentomes at 271 vs 232 d (79 vs 97) was observed; however, the interpretation of this observation is not clear.
Total cotyledonary RNA, DNA, and protein were about twofold greater (P c .02) for Charolais than for Brahman fetuses ( Table 2) . Ratios of pr0tein:DNA were greater (P c .02) potential importance were observed. These include observations that c m c u l a r DNA and protein and placentomal RNA, DNA, and protein tended to be lower in Brahman than in Charolais cows.
Weights of several fetal tissues were r e corded to ascertain whether their growth was differentially affected by constraints of the maternal environment. Those data (Table 3) indicated that essentially all fetal tissues measured were influenced, as expected, by fetal breed and day of gestation. In addition, weights of all tissues were influenced by cow breed and(or) the cow breed x day interaction. However, few of these differences were observed when weight of the tissues were expressed relative to total fetal weight (data not shown). When so expressed, no differences in weight of lungs or heart were observed, but relative weight of liver, kidneys, spleen, and digestive tract decreased from 232 to 271 d, commensurate with normal growth. Semitendinosus muscle weight of Charolais fetuses in Brahman cows increased about 37% from d 232 to 271, whereas weight of this muscle more than doubled during this time interval in the other three groups, indicating that muscle growth differed substantially among treatment groups.
Total RNA, DNA, and protein contents of fetal livers were greater in fetuses from Charolais cows than in those from Brahman cows and greater for Charolais than for Brahman fetuses (Table 4) . Across all groups, fetal liver DNA and protein were greater at 271 than at 232 d, but fetal liver DNA was less in Brahman cows at 271 d than at 232 d, whereas it was greater in Charolais cows at 271 than at 232 d. The RNA:DNA ratio tended to be greater (P < .lo) in Brahman cows but was less (P = .01) in Charolais cows at 271 than at 232 d.
Fetal heart RNA, DNA, and protein contents were greater in Charolais than in Brahman cows, greater in Charolais than in Brahman fetuses, and greater at 271 than at 232 d. It is evident, from data reported in Table 3 , that weight of all fetal tissues evaluated was affected by maternal constraint of fetal growth. For example, comparison of tissue weights of Charolais fetuses from Charolais cows with those from Brahman cows at 271 d revealed greater weight of liver (31%). hear& (35%), kidneys (45%), lungs (43%), spleen (91%), digestive tract (&I%), and semitendinosus muscle (49%) in Charolais cows. Total fetal weight differed by 38%. These observations, in conjunction with observations that weight of these tissues, expressed as proportions of total fetal weight, generally did not differ among groups or differed only with respect to day of gestation, suggest that weights of fetal tissues were constrained approximately in proportion to the constraint of total fetal weight.
Inspection of the data presented in Table 4 , however, suggests that observations regarding total weight of fetal tissues may not accurately reflect the extent to which maternal constraint influenced fetal tissue development. For example, total liver DNA of fetuses in Charolais cows was substantially greater (50%) at 271 than at 232 d, but did not differ between those times in fetuses in Brahman cows. This observation suggests that total hepatocyte numbers increased in fetuses in Charolais cows during this time interval but did not change in fetuses in Brahman cows. Similarly, sernitendinosus muscle DNA was only slightly (8%) greater in Charolais fetuses in Brahman cows at 271 than at 232 d, whereas semitendenosis muscle DNA was twofold greater in Charolais fetuses of Charolais cows at 271 d than at 232 d. Relatively minor (nonsignificant) differences in ratios of RNA or protein to DNA were observed when Charolais fetuses in Brahman and Charolais cows were compared, suggesting that the major effects of maternal constraint were on the number of nuclei rather than on synthetic capacity per nucleus or cell size per nucleus. Reduced numbers of muscle nuclei is possibly a partial explanation of the reduced rate of postnatal growth that has been observed for maternally constrained offspring (Walton and Hammond, 1938; Hunter, 1956; Joubert and Hammond, 1958) .
Many have suggested that size and functional capacity of the placenta is a major component of maternal constraint of fetal growth and development (Alexander, 1964 , Bassett, 1986 Owens et al., 1986; Bell et al., 1987; Mellor, 1987) . Thus, it was considered important to assess some indicators of those variables in the present study. It is evident, from data presented in Table 1 , that total weight of placmtomes increased from d 232 to 271. This observation is consistent with those of Reynolds et al. (1990) but is in contrast to data from sheep (Bell, 1984) , in which weights of these tissues decrease during this interval of gestation. In addition, weight of placentomes was greater for Charolais cows than for Brahman cows and greater for Charolais fetuses than for Brahman fetuses, suggesting that weight and(or) growth of these tissues was influenced by both the maternal and fetal systems. Similar conclusions are suggested regarding weight and(or) growth of caruncular tissue.
Unexpectedly, weight of cotyledons did not follow the same pattern. Weight of that tissue did not increase from 232 to 271 d of gestation, but in fact it tended to decrease slightly. In addition, weight of cotyledons was unaRected by cow breed but was twofold greater for Charolais than for Brahman fetuses.
It may be argued that, because of the difficulty in total separation of cotyledon from caruncular tissue, these results are unreliable. Although it is recognized that complete separation of cotyledonary from caruncular tissue was not likely achieved, bias in the separation of those tissues is considered equally unlikely. It is, based on these observations, suggested that growth of cotyledonary tissue is primarily under fetal control.
The nature of growth of these tissues is likely as important, if not more important, than weight changes or weight differences. The increased RNA, DNA, protein, and ratios of protein and RNA to DNA (Table 2) support the suggestion that the increase in caruncular tissue weight and metabolic capacity attributable to day of gestation were associated with both increased cell number and increased cell size. These data, like the data on weights of these tissues, were comparable to other data in cows but differed from data obtained with ewes (Teasdale, 1976) . Differences associated with fetal or maternal genotype seemed to be primarily attributable to differences in cell numbers. In contrast, cotyledonary cell size, as indicated by the ratio of protein to DNA, increased, but the total number of cells, as indicated by total DNA, did not change with day of gestation. Evaluation of total DNA in sheep placentomes at a similar stage of gestation (Kulhanek et al., 1974) yielded similar results. Differences in tissue weight and metabolic capacity (as indicated by total RNA) attributable to fetal genotype seemed to result both from increased cell numbers and from increased cell size. No differences attributable to cow breed were observed.
lmpllcatlons
It is evident from these data that fetal growth and development is primarily under the control of fetal genotype but may be constrained to varying degrees by the matemal uterine environment. Fetal tissues may be differentially affected by maternal constraint, possibly because of differing priorities for their development. In addition, the effects of maternal constraint may not be fully reflected by weight alone. Data reported in a companion article suggest that matemal influences on growth and development of caruncular tissue, in part attributable to diffexences in perfusion of those tissues, seem to be a contributing factor. 
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